Missouri University of Science and Technology

Scholars' Mine
UMR-MEC Conference on Energy
14 Oct 1976

Regional Impacts of the Energy Crisis on Agricultural Production
Dan Dvoskin
Earl O. Heady

Follow this and additional works at: https://scholarsmine.mst.edu/umr-mec
Part of the Chemical Engineering Commons, and the Energy Policy Commons

Recommended Citation
Dvoskin, Dan and Heady, Earl O., "Regional Impacts of the Energy Crisis on Agricultural Production" (1976).
UMR-MEC Conference on Energy. 203.
https://scholarsmine.mst.edu/umr-mec/203

This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in UMR-MEC Conference on Energy by an authorized administrator of Scholars' Mine. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.

REGIONAL IMPACTS OF THE ENERGY CRISIS ON
AGRICULTURAL PRODUCTION
Dan Dvoskin and Earl 0. Heady
The Center for Agricultural and Rural Development
Iowa State University, Ames, Iowa

Abstract
An interregional linear programming model of U.S. agricultural
production is used to analyze the regional economic consequences
of higher energy prices and a severe energy shortage in 1985.
1.

INTRODUCTION

Energy is one of the major factors affect
ing input costs.

An important characteristic of U.S. agri
culture is its regional variability.

Direct energy costs

such as fuel for tractors and liquid

Cli

ulation growth, and other elements all

petroleum gas (LPG) for drying are
relatively a small part of the total costs

affect regional specialization of U.S.

of agricultural production [4].

mate, soil type, water availability, pop

agriculture.

However,

energy prices have a major role in deter

Rainfall, temperature, and

other climatic conditions determine crops

mining fertilizer prices, irrigation and

which can be grown in a given region and

transportation costs.

The objective of

their corresponding yields and water

this study, therefore, is to determine the

needs.

regional impact of increased energy prices

Soil type, land topography, and

and an energy shortage on resource use in
agricultural production. The study also

rainfall determine the intensiveness of
the cultivation practices and the farming

indicates the regional changes in crop

practices to be used.

production which would take place in re
Although physical and environmental char

sponse to high energy prices and an ener

acteristics or variables favor specializa

gy shortage.

tion, interregional shifts in production
2.

are continuously underway in agriculture.

THE MODEL

These shifts are made in response to

The interregional linear programming model

technological changes, relative price

used in this study has been developed un

changes reflecting varying domestic and

der a grant from the National Science

export demand, and changes in input

E’oundation (NSF) to the Center for

costs.
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of production, transportation, and other

Agricultural and Rural Development
(CARD).*

inputs are in terms of 1972 prices.

The model is based on 105 pro

ducing areas and 28 market regions.

How

ever, energy prices have been adjusted to

It

assumes competitive equilibrium and mini

reflect the relative larger changes in

mizes the total cost of crop production,

energy prices between 1972 and 1974 over

transportation, and the cost of various

other agricultural inputs.**

inputs used in crop production such as

It is important to point out that the re

fertilizer, energy, water, and land.

The

sults derived are obtained under the as

minimization procedure is subject to a set

sumption of no energy waste in agricultur

of linear restraints corresponding to the

al production.

availability of land, water, fertilizer,

suit of the nature of the fixed coeffi

This assumption is the re

and energy supplies by regions, produc

cient characteristics of the linear pro

tion requirements by location, the nature

gramming model used in this analysis.

of crop production, and a final set con

Fossil fuel energy needs per acre can be

trolling domestic and foreign demands.

changed only with a given set of farming

There are 880 restraints in the model.

methods assumed in the study.

Activities in the model simulate crop

duction in energy use per acre can be

rotations, water transfer and distribu

achieved by farmers applying less fertil

Thus, a re

tion, commodity transportation, chemical

izers, irrigating less area, and using

nitrogen supplies, manure nitrogen sup

more reduced tillage.

plies, and energy supplies.

2.1

There are

10,700 activities in the model.

This is the control alternative, and it i

enous crop activities are corn grain,

used for comparison with the other two

sorghum grain, corn silage, sorghum

alternatives.

silage, wheat, soybeans, cotton, sugar

Model A represents a "nor

mal," long-run adjustment of agricultural

beets, oats, barley, legume and nonlegume
hay.

THE BASE RUN (MODEL A)

Endog

production when no restrictions are im

The projected production and re

posed on the availability of energy and

gional distribution of all other crops

energy prices remain at their 1974 levels

and livestock are exogenously determined.

Thus, the base run simulates the behavior
All alternatives refer to 1985 and assume

of agricultural production under somewhat

a U.S. population of 232.2 million.

higher energy prices caused by the energy

All

alternatives assume the same agricultural

crisis of 1973-74, but with no limitation

exports.

on energy use.

Because of the identical export

levels and the minimization nature of the
2.2

study, the national production levels for
all alternatives are all the same.

HIGH ENERGY PRICES (MODEL B)

This alternative reflects the very likely

Cost

*For a complete description of the model and other energy issues
see "U.S. Agricultural Production Under Limited Energy Supplies,
High Energy Prices, and Expanding Exports," CARD Report 69 [3].
**Between 1972 and 1974 the index of prices paid by farmers in
creased by less than 40 percent while fuel prices more than
doubled [5].
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3.

situation of much higher energy prices in
the near future.

Under this alternative,

IRRIGATED VS. DRYLAND PRODUCTION

The largest regional shift of agricultural

the cost of energy (KCAL) is assumed to

production in response to high energy

be twice the base run energy cost.

prices and energy shortages would take

In

the base run (Model A), the national

place from irrigated cropland in the West

average energy cost is 0.858 cents per
1000 KCAL.

to dryland farming elsewhere.

Hence, under high energy

The rea

sons for such a shift are large differ

prices (Model B) the national average

ences in energy intensity between dryland

energy cost is assumed to be 1.716 cents
per 1000 KCAL.

and irrigated crops (Table 1).

2.3

ments by irrigated crops would generally

These

results show that increased energy require

ENERGY SHORTAGE (MODEL C)

A severe national energy shortage at the

be more than proportional to increased

rate of 10 percent is assumed to occur

yields because of irrigation.

under Model C.

This shortage is reflect

a changing energy situation would be felt

ed by making only 90 percent of the total

first by farmers raising irrigated crops.

energy use in the base run (Model A)

Using the above (Table 1) national aver

available for onfarm agricultural produc

age energy intensities, irrigated crops

tion, fertilizer production, pesticide

require approximately twice as much energy

production, and transportation of raw

as do dryland crops in producing an equiv
alent unit of output.

agricultural products.

Therefore,

This condition

does not mean that irrigated crops overall
2.4

REGIONS USED

are less economic efficient than dryland

Even though the analysis of the model is

crops.

based on producing areas and market re

capital, etc. also must be considered.

gions for presentation of the results,

Irrigated crops frequently require less

the United States is divided into seven

land, labor and even capital than do dry

major zones (Figure 1).

land crops per unit of output.

These zones are

formed by aggregating adjacent market
regions [3].

Figure 1.

The seven major zones.
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Other inputs such as land, labor,

Table 1.

U.S. average fossil fuel energy3 required to produce a
unit of output under the base run in 1985.
Irrigated Crops

Dryland Crops

Unit

Crop

1,000 KCAL Per Unit Output
Barley
Corn grain
Corn silage
Cotton
Legume hay
Nonlegume hay
Oats
Sorghum grain
Sorghum silage
Soybeans
Sugar beets
Wheat

bushel
bushel
ton
bale
ton
ton
bushel
bushel
ton
bushel
ton
bushel

30.027
30.832
154.162
2,963.243
632.963
656.716
l b .333
32.182
122.062
59.806
131.855
37.435

13.093
16.415
116.588
1,675.731
346.705
555.992
11.368
19.096
109.746
17.127
87.365
20.856

aFossil fuel energy includes energy for machinery, crop drying,
irrigation, fertilizers, and pesticides.
Corn grain, a major crop in the United

It is important to indicate that increased

States, is used to demonstrate how re

exports would reverse the shift indicated

gional energy requirements vary between

above.

regions (Table 2).

of feed grains for exports would increase

Rainfed eastern re

The need to produce large amounts

gions require between 8,000 KCAL and

grain production on irrigated land in the

16.000 KCAL to produce a bushel of corn.

West and Southwest even when farmers are

On the other hand, irrigated western re

facing energy prices which are twice as

gions require between 20,000 KCAL and

high as 1974 energy prices.

46.000 KCAL.

Thus, as energy prices

4.

REGIONAL ENERGY USE

rise, crops such as corn tend to move
Energy is a very essential resource in

from the West and the South toward the
Midwest.

agricultural production.

For example, the production of

a bushel of corn grain shifted to the

production (Table 3), are mostly related

North Central region from the South Cen
tral region could save, on the average,

to changes in irrigation.

Thus, western

regions (South Central, Northwest, and

23.000 KCAL, which is more than the per

Southwest) show the largest reduction in

bushel energy required for corn produc
tion in the North Central region.
Table 2.

Regional varia

tions of energy consumed in agricultural

energy use under high energy prices

Corn regional energy requirements under the base run in
1985.

Zone

Acres
(1,000)

North Atlantic
South Atlantic
North Central
South Central
Great Plains
Northwest
Southwest
United States

2,892
4,516
42,823
1,331
11,076
140
108
62,886

Irrigated
(percent)
0
0
0
84
7
100
100
3
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Energy Required
(1,000 KCAL per bushel)
8.750
23.959
16.282
38.951
15.733
46.235
23.981
16.901

(Model B) and an energy shortage (Model
C) .
Table 3.

Regional energy use and changes from the base run in 1985

Zone

Base Run
Model A

High Energy
Prices
Model B

Energy Shortage
Model C

1012 KCAL
North Atlantic
South Atlantic
North Central
South Central
Great Plains
Northwest
Southwest
United States

7.468
31.572
104.842
50.901
53.230
15.076
29.348
292.438

North Atlantic
South Atlantic
North Central
South Central
Great Plains
Northwest
Southwest
United States

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

7.132
30.821
101.474
46.827
52.858
10.965
27.277
277.353
Changes from Model A
95.20
97.62
96.79
92.00
99.30
72.73
92.94
94.84

Doubling of energy prices would lead to

6.742
29.512
99.246
40.161
51.547
9.901
26.085
263.194
90.28
93.48
94.66
78.90
96.84
65.67
88.88
90.00

Hence, production must shift from major

an overall reduction of about 5 percent

irrigated regions to major dryland regions.

in energy use in agricultural production.

This, of course, assumes that additional

However, that reduction varies from a 27

dryland is available in rainfed regions.

percent reduction in the Northwest region
to less than 1 percent reduction in the

Increased exports of agricultural products,
however, might make this proposition obso

Great Plains region.

lete .

An overall energy

In addition, we must not ignore

shortage of 10 percent would result in a

other considerations such as regional

34 percent reduction of energy use in the

development and environmental impacts of

Northwest region and only about 3 percent

increased agricultural production in re

reduction in the Great Plains regions.

gions which might be susceptible to soil
erosion.

The relative regional reduction in energy
use under both situations, i.e. high

The results of the above analysis on ener

energy prices and an energy shortage, re

gy use in agricultural production is heav

flect the relative regional productivity

ily dependent on nongovernmental interven

of energy in agricultural production.

tion in the energy market.

The relative productivity of energy in
irrigated regions (South Central, North

The analysis

assumes that fossil fuel energy would be
allocated by the market mechanism such

west, and Southwest) is smaller than the

that agricultural production would make

dryland regions (North Atlantic, South

the best use of the scarce energy availa

Atlantic, North Central,and Great Plains)

ble to it.

In general, if we were trying to maximize

An energy allocation system,

such as energy rationing, would completely

return from an additional unit of energy,

change the above energy allocation, and

we would best use it in dryland farming

as shown elsewhere [2], would lead to an
inefficient use of energy.

rather than in expansion of irrigation.
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5.

for the eastern regions.

REGIONAL LAND USE

High energy

prices would not increase land use in
The existence of idle cropland was the
important factor allowing U.S. agricul
ture to expand rapidly and greatly in
crease exports.

Until recently, U.S.

agricultural policy was oriented toward
holding cropland out of production to re
duce excess supplies of farm products.
Since 1972, however, the sharp increase
in agricultural exports led to the removal
of all set-aside and other programs aimed
at controlling production.

The analysis

of land use shows that this important
natural resource can help in eliminating

eastern regions significantly.

It would

mostly lead to a substitution of dryland
farming for irrigated farming in the West
However, an energy shortage as shown in
Table 4, also would result in increased
land use in the eastern regions.

Thus,

the relative production capacity of the
western regions would decline in response
to increased energy prices and an energy
shortage.

The regional advantage of eastr

ern regions would, therefore, increase as
the energy crisis deepens.
6.

some of the adverse interregional impacts

REGIONAL INCOME CHANGES

associated with high energy prices and an

High energy prices and an energy shortage

energy shortage.

have an important impact on farm income
and on the regional distribution of income

Increased use of cropland (Table 4) allows
agriculture to maintain production when

from farming.

energy use declines.

off under an energy crisis depends, in

The 5 percent reduc

Whether farmers are better

tion in overall energy use because of high

part, on agricultural exports and the in

energy prices, would increase overall land

crease in input prices due to higher ener

use by 3.5 million acres.

gy prices.

But an energy

use by almost 7 million acres.

In general, the inelastic de

mand for agricultural commodities implies

shortage of 10 percent would increase land

that higher commodity prices would in

In both

cases, the reason for increased land use is

crease farm income under reduced supplies

the substitution of dry cropland for irri

and higher prices for energy.

gated cropland.

input prices increased substantially and

Such a substitution nor

However, if

mally requires more than an acre of dryland

farmers cannot pass these additional costs

for an acre of irrigated land.

to the consumers (commodity prices would
not increase enough to cover both direct

Regional changes in land use are very im
portant.

and indirect energy cost increases), then

Under high energy prices, the

farmers could be worse off under an ener

Great Plains and the Northwest regions

gy crisis.

show the largest increase in land use.

While this kind of cost

squeeze is possible, it does not seem
probable. High energy prices would reduce

Increased land use for both regions under
high energy prices is accompanied by a

irrigated acres and would cut down nitro

substantial drop in irrigated land use.

gen application.

Thus, for example, under high energy

Both factors are expect

ed to reduce crop yields and agricultural

prices total land use in the Great Plains

output.

region increases by more than two million

Lower agricultural output, in

general, means higher farm prices.

acres while irrigated land use decreases

But

because of inelastic food demands, it also

by one million acres.

means higher farm income.
In general, the changes in land use for

Such income

increases, however, are not distributed

the western regions are much larger than
808

Table 4.

Total regional land use and changes from the base run in
1985.a
Base Run
Model A

High Energy
Prices
Model B

Energy Shortage
Model C

1,000 Acres
North Atlantic
South Atlantic
North Central
South Central
Great Plains
Northwest
Southwest
United States

11,420
40,790
135,608
53,567
74,067
11,677
8,698
335,825

North Atlantic
South Atlantic
North Central
South Central
Great Plains
Northwest
Southwest
United States

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

11,431
40,788
135,296
53,717
76,339
13,085
8,624
339,278

11,382
40,789
137,480
54,502
76,249
13,166
9,152
342,717

Model A=100
100.10
100.00
99.77
100.28
103.07
112.06
99.15
101.03

99.67
100.00
101.38
101.75
102.95
112.75
105.22
102.05

Includes land use for endogenous crops only.
equally among region (Table 5).

Western

regions (Figure 2).

For some crops, these

irrigated regions would be relatively worse

changes could be extremely important.

off and eastern and midwestern regions

example, the past trend of cotton shifting

would be relatively better off in income.

from the South Atlantic region to the

Table 5.

For

Regional farm income share for production of endogenous
crops in 1985.

Zone

Base Run
Model A

High Energy
Prices
Model B

Energy Shortage
Model C

Percent
North Atlantic

4.72

4.70

4.49

South Atlantic

13.96

15.88

17.74

North Central

46.90

47.98

51.69

South Central

9.33

8.26

6.22

16.35

16.05

14.32

Northwest

2.29

1.68

1.34

Southwest

6.45

5.45

4.20

100.00

100.00

100.00

Great Plains

United States

Changes in regional farm incomes under an

Southwest might even be reversed as most
of the cotton in the South Atlantic region is grown on dryland and cotton in
the Southwest is mostly irrigated.

energy crisis are basically a reflection
of changing relative regional advantages
in favor of dryland farming.

Such longrun changes would improve the relative

The study does not deal directly with the

income position of eastern and midwestern

regional impact of the energy crisis on
809

Figure 2.

Changes in farm regional' income share under
high energy prices and a 10 percent energy
shortage compared with the base run.

rural communities or the agribusiness

manufacturers should, however, anticipate

sector.

increased demands for the type of irriga

However, some possible impacts

should be noted.

tion equipment which requires less energy

Rural community income

is closely related to farm income.

to operate.

There

Demand for irrigation equip

ment that improves irrigation efficiency

fore, increased farm income in the dry
land farming regions because of an energy

(sprinklers for example) might also in

shortage would have a positive impact on
the rural communities in those regions.

crease.

What would happen to rural communities in

in many cases would mean lower energy ef

Unfortunately, increased irriga

tion efficiency via sprinkler irrigation

the West depends upon the impact of the

ficiency as the operation of sprinkler ir

energy crisis on irrigated farming in

rigation requires relatively substantial more

western irrigated regions.

more energy than other irrigation methods [1].

These impacts

might be greatly different under different
export levels.

7.

SUMMARY AND CONCLUSIONS

Undoubtedly, low agricul
The regional impacts of an energy crisis

tural exports accompanied by an energy

are shown to be especially associated with

shortage, would cause income and employ

irrigated farming.

ment, both farm and nonfarm, to decline

Western regions which

depends on irrigation for much of their

markedly in many communities of the West.

agricultural output would, in the long
The impact of an energy crisis on the

run, lose much of their agricultural pro

agribusiness sector depends on the spe
cific service performed by the agribusi

duction to eastern regions. They also
would face a conversion of irrigated crops

ness firm.

to partially irrigated or dryland crops.

Fertilizer dealers would face

declining sales as farmers reduce their
commercial fertilizer application.

An efficienct regional allocation of

Simi

energy to agricultural production under

larly, irrigation equipment manufacturers

high energy prices and an energy shortage,

would face lower sales of new equipment

requires a large reduction in energy use

as irrigated farming profitability would
be reduced.

for irrigated western regions and much

Irrigated equipment
810

smaller reduction for the dryland eastern

The above regional changes also effect

regions.

regional farm income.

Forcing an equal proportional

If farmers can

reduction of energy for all regions would

pass to the consumers the additional

be economically inefficient and would re

costs incurred because of reduction in

duce the production capacity of U.S.

energy supplies and increased land use,

agriculture [2].

then overall farm income would increase.

Reduction in energy use because of an

However, regional shares of farm income

energy crisis causes an increase in land

still would be greatly effected.

use.

the long-run the relative share of dry

Most of the increase is because of

In

the substitution of dryland for irrigat

land farming regions would increase while

ed farming.

relative share of western irrigated re

A small reduction in energy

use would likely result in conversion of

gions would decline.

irrigated crops to dryland crops in the

would impact negatively on rural commu

These changes also

same regions. But with a more severe
energy crisis, production shifts east

nities and the agribusiness sector.

Un

less export of agricultural commodities

ward from irrigated regions to dryland

increase substantially or something were

regions.

done to offset the adverse impacts of an
energy crisis on western agriculture, we
could expect a relative decline in the
agriculture of the West and increased
intensity of farming^ in the Midwest and
East.
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